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Description 

FUEL SYSTEM COMBINATION VALVE FOR 
AN INTERNAL COMBUSTION ENGINE 
AND SUCH A FUEL SYSTEM 

Cross Reference to Related Applications 

[0001] The present application is a continuation patent applica- 
tion of International Application No. PCT/SE02/01776 
filed 30 September 2002 which was published in English 
pursuant to Article 21(2) of the Patent Cooperation Treaty, 
and which claims priority to Swedish Application No. 
0103387-7 filed 10 October 2001. Both applications are 
expressly incorporated herein by reference in their en- 
tireties. 
Background of Invention 

Technical Field 


[0002] Th e present invention relates to a combination valve for 
pressure control and venting in a fuel system for deliver- 
ing fuel to an internal combustion engine, comprising a 


primary valve cone, which is supported so that it is dis- 

placeable between two limit positions in a cylinder bore in 

a valve housing, against the action of a spring element, 

the displacement of the valve cone from an inoperative 

limit position into an operative limit position leading to 

the opening of a connection between an inlet duct and an 

outlet duct in the valve housing. The invention also relates 

to a fuel system for use of the combination valve. 
Background 

[0003] Fuel systems for diesel engines use relatively high work- 
ing pressures. If air gets into the fuel system on the high- 
pressure side, it is not possible to maintain the required 
working pressure. Engine operating problems can also 
arise if the fuel has a high water content. Fuel systems for 
diesel engines are usually provided with venting screw 
and hand pump, which can be used to vent air and drain 
water from the fuel system. The method of removing air 
or water by means of venting screw and hand pump is 
time-consuming and awkward. 

[0004] Fuel systems exist which have arrangements for automat- 
ing the process of removing air or water, as disclosed, for 
example, by US 5534161. This patent describes a pump 
which can be driven in two directions by means of a mi- 


croprocessor for use in removing water from a fuel sys- 
tem. However, this arrangement only facilitates the pro- 
cess of venting air from the fuel system, and further mea- 
sures are required in order to remove air from the high- 
pressure side of the system. This arrangement means, 
therefore, that the number of fuel system components is 
increased without entirely solving the problem by facilitat- 
ing the process of venting air. 
Summary of Invention 

[0005] An object of the invention is therefore to provide a fuel 
system which permits the automatic removal of air and 
water without the system becoming complicated and ex- 
pensive. 

[0006] jo achieve this object, the combination valve according to 
the invention is characterized in that the valve cone is 
provided with an inner passage, which is designed to ac- 
commodate a secondary valve cone, which is displaceable 
between a support surface and a valve seat against the 
action of a second spring element having a lower spring 
constant than the first spring element, displacement of 
the secondary valve cone against the action of the second 
spring element leading to the opening of a connection be- 
tween the inlet duct and a venting duct. By means of this 


combination valve design the number of components in 
the fuel system can be limited. 
[0007] The fuel system according to the invention is character- 
ized in that the combination valve is located in a vertically 
elevated position. This permits the efficient removal of air 

from the fuel system. 
Brief Description of Drawings 

[0008] The invention will be described in more detail below with 
reference to exemplary embodiments which are shown in 
the drawings attached, in which: 

[0009] pig. 1 shows a diagram of an internal combustion engine 
having a fuel system according to the invention, 

[0010] pig. 2 is a longitudinal section through a combination 
valve according to the invention which forms part of the 
fuel system, in an inoperative position, and 

[0011] Fig. 3 correspondingly shows the combination valve ac- 
cording to Figure 2 in an operative position. 
Detailed Description 

[0012] The internal combustion engine 10 shown in diagram- 
matic form in Figure 1 is a 6-cylinder diesel engine having 
a corresponding number of injectors 11. This engine may 
be used, for example, to power a heavy truck. 


[0013] Diesel fuel is fed by a pump 12, driven by the engine, 

from a tank 13 to the injectors 11 via a common feed line 
14. A combination valve 15 for pressure control and vent- 
ing is fitted downstream of the injectors 11, with the con- 
necting line from the injectors directed upwards, in such a 
way that the valve is situated vertically above this inlet. A 
return line 16 for unused fuel is connected to the combi- 
nation valve at a point above the connecting line from the 
injectors. A venting line 17 is also connected to the com- 
bination valve at a point above the return line 16, this 
venting line being connected to the fuel tank 13. 

[0014] | n addition, the fuel system comprises main fuel filter 18 
and coarse filter together with water separator 19 with 
drain valve 20 and a cooler 21. An electrically powered 
secondary pump 22 is located close to the main fuel filter 
18 and the water separator 19, which is equipped with a 
sensor 19a for detecting a certain water level in the water 
separator. The drain valve 20 is electrically operatable. 

[0015] Venting of the fuel system must normally be carried out 
after changing the filter or following other work that re- 
sults in air getting into the system. Otherwise any attempt 
to start the engine will fail. The secondary pump 22 is 
therefore started, preferably by pressing a button 22a on 


the instrument panel, and the pump 22 is driven for a 
preprogrammed length of time, which is sufficient to ex- 
pel all air via the combination valve 15. Fuel is then 
pumped from the tank 13 to one side via the feed line 14 
and to the other side via the return line 16 up to the com- 
bination valve. The engine 10 can then be started. The air 
can thus be removed from the fuel system merely at the 
press of a button. 
[0016] if the sensor 19a in the water separator 19 indicates the 
presence of water, a pilot lamp on the instrument panel 
can be lit in order to alert the driver of the vehicle that 
problems may occur if the water is not removed from the 
water separator. The driver can then press the same but- 
ton 22a as was used for venting air, preferably when the 
engine is shut off, but the electrically powered secondary 
pump 22 needs to be operated only for a shorter period of 
time, whilst the electrically operated drain valve is opened. 
The water is thereby expelled from the water separator 19 
into a collecting vessel (not shown) by fuel which is drawn 
in from the tank 13 by the pump 22. The length of time is 
suitably set so that no fuel is allowed to pass through the 
drain valve. Once this period of time has elapsed, the sec- 
ondary pump 22 and the drain valve 20 are shut off. 


[0017] The combination valve 15 is shown in more detail in two 
different operating positions in Figure 2 and 3. The valve 
comprises a valve housing 23 having a cylinder bore 24, 
which accommodates a primary valve cone 25. The cone 
25 is supported so that it is displaceable in the cylinder 
bore between two limit positions against the action of a 
first spring element 26, which in this exemplary embodi- 
ment consists of a helical compression spring. The pri- 
mary valve cone 25 forms a cylindrical piston having an 
axial through-passage 27, which in a widened section 27a 
accommodates a secondary valve cone 28. This is dis- 
placeable between a support surface 29 and a valve seat 
30, against the action of a second spring element 31, 
which in this exemplary embodiment consists of a helical 
compression spring having a lower spring constant than 
the first spring element 26. 

[0018] The valve housing 23 has an inlet at 32, fuel outlet 33 to 
the return line 16 and air outlet at 34. In addition there is 
a small passage 35 to the return line 16. 

[0019] The combination valve 15 primarily functions as a pres- 
sure control valve. A displacement of the primary valve 
cone 25 from the inoperative position shown in Figure 2 
to the operative position shown in Figure 3 means that the 


primary valve cone 25 is removed from the seat 36 and 
leads to opening of a connection between the inlet 32 and 
the fuel outlet 33. This corresponds to the normal operat- 
ing position of the valve with the first spring element 26 
compressed. This reduces the fluid pressure downstream 
of the combination valve, that is to say on the suction side 
of the primary fuel pump 12. The secondary valve cone 28 
is now in contact with the valve seat 30. Any small air 
bubbles that might occur in the fuel system even after a 
venting process can pass the cone 28 to the venting outlet 
via an axial groove in the seat 30. The groove is designed 
so that it normally allows only a very small fuel flow to 
pass. 

[0020] | n addition the valve functions as a venting valve. If air is 
present in the fuel system, the secondary pump 22 is acti- 
vated, as has been described above. The fuel system is 
thereby slowly refilled from the tank 13, at the same time 
that air is evacuated from the system via the combination 
valve 15. The secondary cone 28 is then lifted from the 
support surface 29 (see Figure 2) by the air pressure and 
the air can pass out via the venting outlet. At the same 
time air can be vented from the low-pressure side of the 
fuel system via the return line 16 and the passage 35. The 


primary valve cone 25 is formed so that the passage 35 is 
closed before the fuel outlet 33 is opened. Automatic 
venting of the fuel system therefore occurs both in normal 
operation and in the case of forced venting. 
[0021] The invention must not be seen as being limited to the 
exemplary embodiment described above, a number of 
further variants and modifications being feasible within 
the scope of the patent claims below. 


